atretic and post ovulatory follicles were increased. During winter, the tunica albuginea reached a maximuem thickness and contained oocytes in previtellogenic stages.
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Introduction
Nile tilapia (Oreochromis niloticus) is a fish of economic importance in tropical and subtropical countries. Basic study on histology of O. niloticus is still limited especially in reproductive system. Some basic knowledge was mentioned that diploid ovaries from the fish of six to eight months of age contained oogonia and maturing previtellogenic and vitellogenic oocytes with irregular nuclei and vacuolated cytoplasm associated with endogenous and exogenous yolk formation (Hussain et al., 1996) . Reproductive development and reproductive histology in female are well understood by histological techniques. Histology is the most accurate method to determine the reproductive state of female fish (West, 1990) . The ovarian histological pattern of teleosts was described according to the division of ovarian tissues into seven or eight stages of maturity based upon the dominant gametogenic cell type present (Crim and Glebe, 1990) . The study on histology of female reproductive organ of O. niloticus will provide a basic knowledge of reproductive system of the fish and will be useful for further applications.
Material and methods
Specimens of Nile tilapia (Oreochromis niloticus) were collected monthly at the same time of the day from the River Nile at Giza. A total of 40 female sexually mature Nile tilapia fish were collected over the period from September 2009 to August 2010. Fish were transported alive to the central lab. of Cytology and Histology department, faculty of Veterinary Medicine Cairo University. Fish were physically examined to ensure that they were free from any pathological changes. The males were distinguished from the females by the examination of the urogenital area. Each Nile tilapia was weighted (700-850 gms) to ensure that all fish sexually mature as mentioned by Popma and Masser (1999) . The ovaries were removed immediately after decapitation and sample were carefully separated of 1 cubic cm. Sections were taken quickly from anterior, middle and posterior parts, fixed in formol-sublimte and neutral buffered formalin for about 24hs., also Bouin′s fluid was used. The samples were dehydrated, embedded in paraplast and following that 5-6 μm. sections were cut in cross and longitudinal sections obtained for ovaries. In Oreochromis niloticus, the spring, summer and autumn were considered breeding season (spawning season) while winter considered non breeding season (Dougbag et al., 1988c) . Section stained with Harris haematoxylin and eosin for general histological examination; Gomori's reticuline method for demonstration of reticular fibers; Periodic acid Schiff and Periodic acid Schiff -Alcian blue (PH 2.5) combination for identification and differentiation of both neutral and acid mucopolysaccharides (Drury and Wallington,1980) .
Results
The histological appearance of the ovary during spring, summer and autumn seasons (from March to November)
The ovary of the Nile tilapia (Oreochromis niloticus) was surrounded by thin tunica albuginea which was consisted of a vascular collagenous connective tissue contained smooth muscle cells (Fig. 1) . Moreover, a network of reticular fibers was present (Fig. 2) . The tunica albuginea was covered externally by squamous epithelium which was the mesothelium of the visceral peritoneum. The tunica albuginea projected inside the lumen of the ovary as numerous fine strands of connective tissue folds called ovigerous lamellae ( Fig. 1 ) that contained oogonia and oocytes in follicles in various stages of development without any arrangment (Fig. 3) .
During the breeding seasons the ovigerous lamellae were thick and completely occupied the ovarian cavity (ovocoel) and the ovary was in active vitellogenesis. Oocytes in all stages of development from perinucleolar to mature stages could be identified, but late stages of vitellogenesis were dominant (Fig. 3) .
The ovarian follicles of Nile tilapia passed six developmental stages according to the changes in size, nucleus, ooplasm and egg membranes of the developing ova. The stages are: oogonia stage, chromatin nucleolus stage, perinucleolar stage, cortical alveolar stage, yolk globule stage and mature follicles. In addition, atretic and post ovulatory follicles were observed.
1-Oogonia stage:
The oogonia, the smallest germ cells in the ovary, were found in groups or nests that embedded within the ovigerous lamellae associated with the germinal epithelium (Fig. 4) . They were small spherical cells with large basophilic nuclei with a single nucleolus. Their ooplasm was scanty, faintly basophilic thin rim surround the nucleus, and was periodic acid Schiff negative. The oogonia were found to be abundant during these seasons. They divided by mitosis to give primary oocyte.
2-Chromatin nucleolus stage (Early oocytes) which were the smallest previtellogenic follicles. Each one consisted of an oocyte with a large nucleus and surrounded by a thin follicular layer. The nucleus was eccentrically located and occupied large part of the oocyte. The chromatin of the nucleus appeared thread like. The nucleoli increased in number which distributed throughout the nucleus. The ooplasm was homogenous, deeply basophilic (Fig. 5) and they gave periodic acid Schiff negative reaction.
3-Perinucleolar stage (Late oocytes) which is characterized by in-
Histology of the Nile tilapia ovaries El-Saba et al. creasing the size of the oocyte and its nucleus became slightly basophilic with increased number of nucleoli, arranged themselves in the peripheral part of the nucleus. The ooplasm was basophilic and surrounded by a simple follicular epithelium which made up of flattened squamous cells (Fig.  6 ). In the larger oocytes, the ooplasm became frothy with the appearance of few unstained vacuoles. Ooplasm contained yolk nucleus (Balbiani bodies), which appeared as juxtanuclear basophilic round mass (Fig. 7) .
4-Cortical alveolar stage (vacuolated follicles)
which is characterized by marked increase in size of the oocytes and nuclei. The most characteristic feature of these follicles was the appearance of large number of unstained vacuoles (yolk vesicles) in the periphery of the ooplasm. However, yolk granules appeared within the ooplasm in between the yolk vesicles ( Fig. 5 ).
Zona pellucida (oolemma) was a cellular thin hyaline acidophilic membrane (Fig. 8) . The follicular layer was formed of cuboidal cells. The stroma was formed of flat thecal cells that surrounded the follicular layer (Fig. 9) . (Fig. 12) . The most characteristic feature of these follicles was the migration of their nuclei from the center to eccentric position (Fig. 13) . Their ooplasm is characterized by being full of large yolk globules. These globules were periodic acid Schiff positive ( Fig. 14) and alcian blue negative. The follicular epithelium appeared as high cuboidal cells which had vacuolated, faintly stained cytoplasm and with dark stained nuclei (Fig. 15 ). Zona pellucida was thick and periodic acid Schiff positive only (Fig. 14) . The theca folliculi were composed of squamous Histology of the Nile tilapia ovaries El-Saba et al.
5-Vitellogenesis
cells with flat nuclei. The mature (postvitellogenic) follicles were common and abundant during these seasons of the year.
Post-ovulatory follicles:
They were formed from the collapse of the follicle after ovulation. They showed a central lumen and a wall formed of follicular cell layer and the theca (Fig. 16 ).
Atretic follicles:
Two types of atresia were recognized, hypertrophic atresia and cystic atresia.
The hypertrophic atresia was the most numerous type. The follicular cells were increased both in size and number invading the ooplasm. Blood cells were seen between the follicular cells and yolk. Later on, the follicle collapse and finally replaced by stromal tissue (Fig. 17) .
The cystic atresia showed degeneration of the oocyte. The follicular epithelium thickened and was separated from the oocyte. Later, there was a rupture of the oocyte. The follicle became a small mass of cells or a cyst-like structure. The atretic follicles were found throughout the year especially during these seasons.
The histological appearance of the ovary during winter season (from December to February)
The tunica albuginea surrounding the ovary reached a maximum thickness. Also, the stromal connective tissue was increased and contained much amount of smooth muscle fibers (Fig. 18 ). The ovigerous lamellae were filled with previtellogenic oocytes in oogonium stage, chromatin nucleolus stages and perinucleolar stage (Fig. 19 ). The lamellae were disrupted and disorganized with several empty spaces and extensive vascularization. Remnants of atretic follicles were present throughout the ovary (Fig. 20) . The previtellogenic stages were abundant while mature ovarian follicles were few.
Discussion
The present work was carried out on 40 female specimens of Nile tilapia (Oreochromis niloticus) throughout the year, in order to observe the morphological and the histological changes in the ovaries during the different seasons of the year. The results showed that the breeding season for reproduction was from March to November, while nonbreeding season was from December to February. These current findings not simulate those of Caputo et al.(2003) The present study revealed that the ovary of the Nile tilapia (Oreochromis niloticus) was covered by tunica albuginea which was consisted of dense collagenous connective tissue, elastic fibers and network of reticular fibers. The ovarian wall was supported with smooth muscle cells and this agreed with the result of Rizkalla (1970) Numerous ovigerous lamellae projected from the tunica albuginea into the interior of the ovary. Each lamella acted as a unit and contained oogonia and various developmental stages of the follicles. These findings were similar to Van den Hurk and Peute (1979) The early germ cells were first found on the edge of the lamellae, and as the oocytes matured and increased in size, they were pushed deeper into the stroma and when matured they were ovulated into the lumen. According to the classification of Wallace and Selman (1981) , the ovary of the Oreochromis niloticus showed an asynchronous mode, since not all the oocytes were at the same stage of development at any time so; the Oreochromis niloticus had a prolonged spawning period. This observation agreed with Moustafa (1984) in Clarias lazera; Zaki et al. (1986a) Guraya (1979) revealed that most teleost oocytes accumulated a small juxtanuclear basophilic mass, which was termed yolk nucleus or Balbiani bodies. They were composed of various cellular organelles such as mitochondria, Golgi bodies, smooth endoplasmic reticulum, multivesivular bodies and lipid granules in Salmo gairdneri (Beams and Kessel, 1973) and in teleosts (Wallace and Selman, 1981) .
Histology of the Nile tilapia ovaries
El-Saba et al. Guraya (1979) (2000) in Bagrus docmac and Bagrus bayad.
The thickness of zona pellucida was not the same throughout the different stages, but it began in larger late oocytes as very thin acidophilic membrane, then increased at both early and late vacuolated oocytes and reached its maximum thickness at mature follicles. In our study, the zona pollicida had a strongly periodic acid schiff (PAS) positive reaction that indicated presence of mucpolysaccharides. This was similar to those results of Yoakim (1971) in Synodontus schall; Alves et al. (1983) in Oreochromis niloticus; Van den Hurk and Peute (1985) in Clarias gariepinus; Emel (1992) in the channel catfish and Gaber (2000) in Bagrus docmac and Bagrus bayad.
The follicular epithelium differed among the different stages where it appeared in the previtellogenic follicles as flattened squamous cells and reached its high columnar cells in the mature follicles which ap-Histology of the Nile tilapia ovaries El-Saba et al.
peared to have both neutral and acidic mucopolysaccharides as it gave positive periodic acid Schiff (PAS) and alcian blue reaction, a result that was supported by Alves et al. (1983) in Oreochromis niloticus. The follicular epithelium was covered by thin theca folliculi. This similar to those recorded by Davis (1977) in Tandanus tandanus; Hussein and Abbas (1985) in two species of genus Morone; Van den Hurk and Peute (1985) in Clarias gariepinus; Khallaf et al. (1991) in Bagrus bayad and Gaber (2000) in Bagrus docmac and Bagrus bayad.
In agreement with Braekevelt and Memillan (1967) in Eucolia inconstans; Dougbag et al. (1988c) and Essa (2011) in Oreochromis niloticus two types of atresia, hypertrophic and cystic were present in our study. El-Hafez et al. (2009) in Oreochromis niloticus stated that the presence of follicular atresia seem to be a very common phenomenon of the teleost ovary. The atretic follicles were usually seen at any stage. The atretic follicles were present throughout the year but, they were abundant during winter (resting ovaries). These atretic follicles indicated the spawned individuals.
In our investigation it was apparent that during breeding seasons (spring, summer and autumn) the ovaries were filled with vitellogenic and mature follicles, while in nonbreeding seasons (winter), the ovaries revealed predominance of previtellogenic stages. 
